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(57) ABSTRACT

To reduce burrs that may be formed at a corner portion of a
machined surface 1n a face milling process, there 1s provided
a cutting insert that does not tend to form burrs. A milling
cutting msert includes cutting edges provided as ridges each
defined by an upper or lower face and a side face that
intersect each other, the cutting edges including a flat cutting
edge. The cutting edge include a major cutting edge pro-
vided between adjacent ones of corner portions, the flat
cutting edge provided at the corner portion, and a minor
cutting edge provided between the major cutting edge and
the flat cutting edge. A surface roughness of a side face that
1s continuous with the major cutting edge 1s higher than a
surface roughness of a side face that 1s continuous with the
minor cutting edge.

7 Claims, 3 Drawing Sheets
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1
MILLING CUTTING INSERT

TECHNICAL FIELD

The present invention relates to milling cutting inserts to
be included 1n milling cutters, and more specifically to a
milling cutting insert having a function of suppressing
beforehand the formation of burrs that may occur at a corner
portion of a machined surface 1n a face milling process.

BACKGROUND ART

In a face milling process, burrs may be formed at a corner
portion of a machined surface (a corner portion formed
between an end surface of a workpiece toward which the
workpiece 1s cut through and the machined surface) during
the process. Known technologies provided with a deburring
tfunction include, for example, a rotary cutting tool disclosed
by PTL 1 listed below.

The rotary cutting tool disclosed by PTL 1 includes, in
addition to a major cutting insert that is responsible for
major cutting, a so-called circular cutting insert having a
circular cutting edge. Burrs, 1f formed, are removed by the
circular cutting insert.

CITATION LIST
Patent Literature

PTL 1: Japanese Unexamined Patent Application Publi-
cation No. 08-52611

SUMMARY OF INVENTION

Technical Problem

The rotary cutting tool disclosed by P1L 1 removes burrs
that have been formed, rather than suppressing the formation
of burrs. Hence, such a tool needs to be used as a combi-
nation of a major cutting mnsert and a deburring-exclusive
cutting insert. That 1s, two kinds of cutting inserts are used,
which 1s 1nevitably disadvantageous in terms of productiv-
ity, cost, controlling the inventory of cutting inserts, and so
torth.

Moreover, there 1s an unavoidable diflerence 1n the life of
the cutting edge between the major cutting insert and the
deburring-exclusive cutting insert. In a case of a cutting tool
including a combination of two kinds of cutting inserts, 1f
the life of the cutting edge of one of the cutting inserts runs
out, the other cutting insert 1s also replaced, 1n general.

Therefore, the remaining life of the other cutting insert
becomes wasteful, and the utilization efliciency i1s reduced.
Consequently, an economic loss occurs, leading to a high
tool cost.

The present invention is to suppress the formation of burrs
at a corner portion of a machined surface 1n a face milling

process and to provide a cutting msert that does not tend to
form burrs.

Solution to Problem

To solve the above problem, the present invention pro-
vides a milling cutting insert including cutting edges pro-
vided as ridges each defined by an upper or lower face and
a side face that intersect each other, the cutting edges
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2

including a flat cutting edge provided at one of corner
portions. The milling cutting insert 1s characterized as fol-

lows.

The cutting edges include a major cutting edge provided
between adjacent ones of the corner portions, the flat cutting
edge provided at the corner portion, and a minor cutting
edge provided between the major cutting edge and the flat
cutting edge and inclining with respect to the flat cutting
edge. A surface roughness of a side face that 1s continuous
with the major cutting edge 1s higher than a surface rough-
ness of a side face that 1s continuous with the minor cutting
edge.

In the cutting nsert, it 1s preferred that the side face that
1s continuous with the major cutting edge be an unground
surface that 1s left as a sintered surface, and that an arith-
metic mean roughness of the side face that 1s continuous
with the minor cutting edge be Ra 0.1 um to 0.3 um. It 1s also
preferred that an inclination angle o of the minor cutting
edge with respect to the flat cutting edge be 10° to 30°.

It 1s also preferred that the milling cutting insert be an
edge-interchangeable cutting insert whose upper and lower
faces each have a substantially polygonal shape. In such an
edge-interchangeable cutting insert, the major cutting edge,
the flat cutting edge, and the minor cutting edge are one of
a plurality of major cutting edges, one of a plurality of flat
cutting edges, and one of a plurality of minor cutting edges,
respectively. Furthermore, positions of the respective cutting
edges are interchangeable by changing the corner to be used.

Advantageous Effects of Invention

The cutting insert according to the present invention
includes the minor cutting edge between the major cutting
edge and the flat cutting edge. Furthermore, the surface
roughness of the side face on the side of the minor cutting
edge and the surface roughness of the side face on the side
of the major cutting edge are different from each other.
Theretfore, chips generated by forming a wall surface cor-
responding to a lateral side portion with the major cutting
edge are broken into pieces without being fed toward a
machined surface corresponding to a bottom surface.

If chips generated by forming the wall surface corre-
sponding to the lateral side portion of the workpiece with the
major cutting edge are fed toward the machined surface
corresponding to the bottom surface, burrs are formed at a
corner portion of the machined surface corresponding to the
bottom surface. The cutting isert according to the present
invention mcludes the minor cutting edge between the major
cutting edge and the flat cutting edge. The presence of the
minor cutting edge suppresses the probability that the chips
generated by forming the wall surface corresponding to the
lateral side portion of the workpiece may be fed toward the
machined surface corresponding to the bottom surface.

The angle formed between the minor cutting edge and the
flat cutting edge 1s smaller than the angle formed between
the flat cutting edge and the major cutting edge. Therefore,
chips generated by the minor cutting edge tend to curl
toward a direction away from the corner of the machined
surtace.

Moreover, since the surface roughness of the side face that
1s continuous with the major cutting edge and the surface
roughness of the side face that 1s continuous with the minor
cutting edge are different from each other, there 1s a difler-
ence 1n sharpness between the major cutting edge and the
minor cutting edge, making a difference 1n the state of chip
generation between an area that 1s cut by the major cutting
edge and an area that is cut by the minor cutting edge.
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Hence, 1t 1s supposed that since a large distortional force 1s
applied over the entirety of each of the chips, the chips are
broken into pieces belfore reaching the machined surface
corresponding to the bottom surface.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view of an exemplary cutting insert
according to the present invention.

FIG. 2 1s a plan view of the cutting insert illustrated in
FIG. 1.

FIG. 3 1s a side view of the cutting insert illustrated in
FIG. 1.

FI1G. 4 1llustrates the state of cutting by the cutting insert
illustrated 1n FIG. 1.

FIG. 5 1s a plan view of a cutting insert including no minor
cutting edges and that was used 1n a performance compari-
son test.

DESCRIPTION OF EMBODIMENTS

An embodiment of the cutting insert according to the
present invention will now be described with reference to
the accompanying drawings including FIGS. 1 to 4. A
cutting insert 1 1illustrated 1s obtained by applying the
present mvention to a four-cornered, positive, edge-inter-
changeable cutting insert.

The cutting msert 1 includes an upper face 2 as a rake face
and side faces 3 as flank faces and 1s mounted on a mounting
seat provided around the outer circumierence of the tip of a
cutter body. Cutting 1s performed at cutting edges 5 provided
as ridges each defined by the upper face 2 and a correspond-
ing one ol the side faces 3 that intersect each other. The
cutting insert 1 1s formed by sintering a material such as
cemented carbide or cermet.

The upper face 2 and a lower face 4 each basically have
a square shape. The cutting edges 5 include major cutting
edges Sa each extending linearly between adjacent ones of
corners, flat cutting edges 3b provided at the respective
corner portions, and minor cutting edges 5¢ each provided
between a corresponding one of the major cutting edges 3a
and a corresponding one of the flat cutting edges 5b.

The major cutting edges 5a are itended for forming a
wall surface corresponding to a lateral side portion of a
workpiece and each incline at an angle of 45° with respect
to the flat cutting edge 3b6. This inclination angle 1s a typical
value for a face milling cutter.

The flat cutting edges 55 are each a cutting edge intended
for cutting off feed marks that may be formed 1n a bottom
surface corresponding to a machined surface of the work-

piece and thus improving the surface roughness of the
bottom surface.

The minor cutting edges 5S¢ each provided between the
major cutting edge 5a and the flat cutting edge 56 may be
linear cutting edges or approximately linear curved cutting
edges.

The side faces 3 include side faces 3a that are continuous
with the respective major cutting edges 5a, side faces 35 that
are continuous with the respective flat cutting edges 55, and
side faces 3¢ that are continuous with the respective minor
cutting edges Sc. The side faces 3a, the side faces 35, and the
side faces 3¢ form a continuous surface while being at angles
with respect to one another.

Among the side faces that are continuous with the cutting
edges, the side faces 3a that are continuous with the major
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cutting edges 5a each have higher surface roughness than
the side faces 3¢ that are continuous with the minor cutting
edges Sc.

In the cutting insert illustrated, the side faces 3a and 3b
are each an unground surface that 1s left as a sintered surface,
and the arithmetic mean roughness of the side faces 3a and
3b 15 expressed as Ral=0.4 uym to 0.5 um.

In contrast, the arithmetic mean roughness of the side
taces 3¢ that are continuous with the minor cutting edges 5¢
1s expressed as Ra2=0.1 um to 0.3 um. This surface rough-
ness 1s obtained by grinding the side faces 3c.

The side faces 3a that are continuous with the major
cutting edges Sa are also grindable. However, employing
unground surfaces 1s advantageous in terms of cost and
makes a large diflerence in surface roughness from the side
faces 3c. What 1s important 1s that the surface roughness of
the side faces 3a and the surface roughness of the side faces
3¢ are different from each other, rather than whether or not
the side faces 3a or 3¢ are ground. The case of the side faces
3a also applies to the case of the side faces 35 that are
continuous with the flat cutting edges 3b, that 1s, the side
faces 35 may also be ground.

An appropriate inclination angle o of each minor cutting
edge 5S¢ with respect to the flat cutting edge 55 1s 10° to 30°.
If the inclination angle o 1s 10° or larger, chips generated by
the minor cutting edges 5c¢ are prevented from becoming too
thin. I chips generated by the minor cutting edges 5c¢
become too thin, burrs tend to be formed at the corner
portion of the machined surface. Therefore, the inclination
angle . 1s preferably 10° or larger.

If the inclination angle . 1s 30° or smaller, chips can each
have a suitable width 1n a tool-feeding direction. If chips
cach have a width that 1s too small i the tool-feeding
direction, the chips are difficult to break. Such chips gener-
ated by forming the wall surface corresponding to the lateral
side portion of the workpiece tend to reach the machined
surface corresponding to the bottom surface and to form
burrs. If the inclination angle « 1s 30° or smaller, such a
problem does not tend to occur.

The cutting insert to which the present invention 1s
applied 1s not limited to those basically having square
shapes. The cutting insert may basically have an equilateral
triangular shape, a rectangular shape, or a polygonal shape
having four or more corners, or may be a negative cutting
insert.

The illustrated edge-interchangeable cutting imsert includ-
ing a plurality of major cutting edges, a plurality of flat
cutting edges, and a plurality of minor cutting edges and 1n
which the positions of the cutting edges are interchangeable
by changing the corner to be used 1s economically superior.
However, the effect of suppressing the formation of burrs 1s
also exerted even 1f the cutting 1nsert includes only one set
of a major cutting edge, a flat cutting edge, and a minor
cutting edge.

Example

An example will now be described.

A cutting msert A (a comparative product), 1llustrated 1n
FIG. 5, having a diameter of an inscribed circle S of 13.34
mm and a length L of each flat cutting edge 56 of 3 mm and
including no minor cutting edges, and a cutting mnsert B (a
product according to the present imvention) obtained by
replacing a portion of the flat cutting edge of the cutting
isert A with a minor cutting edge having a length of 1 mm
and being at an inclination angle o. of 22°30" with respect to
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the flat cutting edge were experimentally prepared for com-
parison ol the performance of suppressing the formation of
burrs.

Regarding the cutting insert B, only the side faces that
were continuous with the minor cutting edges were ground
while the other side faces were unground surfaces that were
left as sintered surfaces. Regarding the cutting insert A, all
side faces were left as sintered surfaces. The arithmetic
mean roughness of the side faces of the cutting insert B that
were continuous with the major cutting edges and the
arithmetic mean roughness of the side faces of the cutting
insert B that were continuous with the minor cutting edges
were Ral=0.49 um and Ra2=0.18 um, respectively, on the
basis of measurement with a probe-type surface roughness
measuring mstrument. The arithmetic mean roughness of the
cutting insert A was Ra=0.49 um {for all side faces.

Using the above two kinds of cutting inserts, a workpiece
W made of SUS304 was machined under the following
conditions.

Conditions

Feed rate per cutting edge: Fz=0.2 mm

Cutting speed: V=200 mm/min

Level difference 1n workpiece (see FIG. 4): ap=3 mm

Cutting was performed under the above conditions, and
machined surfaces of the workpiece were visually observed.
As a result, burrs were formed at a corner portion of a
surface that was machined with the cutting insert A, 1.e., the
comparative product. In contrast, no burrs were formed on
a surface that was machined with the cutting insert B, 1.e.,
the product according to the present invention, and the
machined surface was 1 a good condition.

The above-disclosed configuration according to the
embodiment of the present invention 1s only exemplary, and
the scope of the present invention 1s not limited to the above
description. The scope of the present invention 1s defined by
the claims and encompasses all changes that are made to the
claims within the meanings and scope that are equivalent to
the claims.

REFERENCE SIGNS LIST

1 cutting insert

2 upper face

3 side face

3a side face continuous with major cutting edge

3b side face continuous with flat cutting edge

3¢ side face continuous with minor cutting edge

4 lower face

5 cutting edge

5a major cutting edge

5b flat cutting edge

5¢ minor cutting edge

¢. inclination angle of minor cutting edge with respect to
flat cutting edge

W workpiece

The 1nvention claimed 1s:

1. A milling cutting nsert comprising cutting edges pro-
vided as ridges each defined by an upper or lower face and
a side face that intersect each other, the cutting edges
including a flat cutting edge,
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wherein the cutting edges include a major cutting edge
provided between adjacent ones of the corner portions;
the flat cutting edge provided at a corner portion; and
a minor cutting edge provided between the major
cutting edge and the flat cutting edge,

wherein a surface roughness of a side face that 1s con-

tinuous with the major cutting edge and a side face that
1s continuous with the flat cutting edge are higher than
a surface roughness of a side face that 1s continuous
with the minor cutting edge,

wherein a length of the flat cutting edge at the upper face

1s longer than a length of the minor cutting edge at the
upper face,

wherein the side face that 1s continuous with the major

cutting edge and the side face that 1s continuous with
the flat cutting edge are an unground surface that 1s left
as a sintered surface, and an arithmetic mean roughness
of the side face that i1s continuous with the minor
cutting edge 1s Ra 0.1 um to 0.3 um, and

wherein an arithmetic mean roughness of both the side

face that 1s continuous with the major cutting edge and
the side face that 1s continuous with the flat cutting edge
ar¢ Ra 0.4 um to 0.5 um.

2. The milling cutting insert according to claim 1, wherein
an inclination angle o of the minor cutting edge with respect
to the flat cutting edge 1s 10° to 30°.

3. The milling cutting insert according to claim 2, wherein
the major cutting edge, the flat cutting edge, and the minor
cutting edge are one of a plurality of major cutting edges,
one of a plurality of flat cutting edges, and one of a plurality
of minor cutting edges, respectively, and the milling cutting
insert 1s an edge-interchangeable cutting 1nsert whose upper
and lower faces each have a substantially polygonal shape
and 1n which positions of the respective cutting edges are
interchangeable by changing the corner to be used.

4. The milling cutting insert according to claim 1, wherein
the major cutting edge, the flat cutting edge, and the minor
cutting edge are one of a plurality of major cutting edges,
one of a plurality of flat cutting edges, and one of a plurality
of minor cutting edges, respectively, and the milling cutting
insert 1s an edge-interchangeable cutting insert whose upper
and lower faces each have a substantially polygonal shape
and 1n which positions of the respective cutting edges are
interchangeable by changing the corner to be used.

5. The milling cutting insert according to claim 1, wherein
an inclination angle a of the minor cutting edge with respect
to the flat cutting edge 1s 10° to 30°.

6. The milling cutting insert according to claim 5, wherein
the major cutting edge, the flat cutting edge, and the minor
cutting edge are one of a plurality of major cutting edges,
one of a plurality of flat cutting edges, and one of a plurality
of minor cutting edges, respectively, and the milling cutting
insert 1s an edge-interchangeable cutting insert whose upper
and lower faces each have a substantially polygonal shape
and 1n which positions of the respective cutting edges are
interchangeable by changing the corner to be used.

7. The milling cutting insert according to claim 1, wherein
the major cutting edge inclines at an angle of 45° with
respect to the flat cutting edge.
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